∘ C and 500 ∘ C via the spin coating method. Its sol-gel was spin coated for 20 s at 3000 rpm and 4000 rpm with metal tape being used to mold the shape of the thin film. A different combination of these parameters was used to investigate their influences on the fabrication of the film. Optical and structural characterizations have been performed. Optical characterization was analyzed using UV-visible spectroscopy and photoluminescence spectrophotometer while the structural and compositional analysis of films was measured via field emission scanning electron microscopy and energy dispersive X-ray. From UV-vis spectra, the wavelength of the ZnS:Mn was 250 nm and the band gap was within the range 4.43 eV-4.60 eV. In room temperature PL spectra, there were two emission peaks centered at 460 nm and 590 nm. Under higher annealing temperature and higher speed used in spin coating, an increase of 0.05 eV was observed. It was concluded that the spin coating process is able to synthesize high quality spherical ZnS:Mn nanocrystals. This conventional process can replace other high technology methods due to its synthesis cost.
Introduction
ZnS is one of the most studied nanomaterials. It is relatively easy to fabricate the nanomaterial with the intended optical and electrical properties through controlling the shape of its nanostructure [1, 2] . It has a wide energy band gap with a value of 3.68 eV for cubic phase and 3.77 eV for hexagonal phase [3] [4] [5] [6] [7] [8] [9] [10] . There are several physical methods (ion sputtering, laser ablation, gas condensation, pyrolysis, etc.) and chemical methods (solvothermal, photochemical, electrochemical, thermolytic, sol-gel, etc.) to synthesize nanocrystalline thin film and to control its crystal size [11] . Sol-gel is a cheap chemical method that fabricates material through the process of phase change from liquid phase (sol) to solid phase (gel) [12] [13] [14] . Fabrication that employs this method will usually be entailed by either spin coating or dip coating process followed by heat treatment process. Walker et al. (1995) found that annealing treatment is required to reduce material defects. Annealing treatment is a common procedure in fabrication of nanomaterial to either improve the quality of crystal or stabilize the structure at a temperature [15] . Due to the fact that the dopant is able to extend the capability of a semiconductor compound, this work focused on doped ZnS. Besides, the luminance color of the doped material changes according to the dopant used. The commonly used dopant is manganese ions (Mn 2+ ) and copper ions (Cu 2+ ). Mn 2+ produces orange emission while Cu
2+
produces green emission [16] [17] [18] [19] . Parameters such as annealing temperature and speed of rotation were used in these experiments to investigate their influence on the fabrication of nanocrystalline thin film. Based on [20] [21] [22] , the influence of the spin coating speed will affect the band gap of the thin film. The band gap increases roughly with the increase in annealing temperature and spin coating speed. This work aims to identify the characteristics of zinc sulphide doped manganese (ZnS:Mn) fabricated using several combinations of annealing temperatures and speeds of spin coating. 
Methodology
In this study, ZnS:Mn thin films were prepared using the conventional triple process (sol-gel, self-assembly, and spin coating process). The morphology and composition of the films were studied using a field emission scanning electron microscope (FE-SEM) (model Zeiss Supra 55) and energy dispersive X-ray (EDX) while the optical properties of the film were studied using a photoluminescence (PL) spectrometer (model Perkin Elmer LS 55) and ultraviolet-visible spectroscopy (UV-Vis) (model Lambda 650, Perkin Elmer).
Characterization was done at room temperature. Sections 2.1 and 2.2 describe each fabrication step in detail.
Preparation of Sol.
The solution was prepared according to the formula Zn (1− ) Mn S at = 0.05 using hydrated zinc nitrate, manganese acetate, thiourea, 2-propanol, hydrochloric acid, and distilled water. In the reaction, hydrated zinc nitrate and manganese acetate were dissolved in 2-propanol and distilled water to produce zinc and manganese ions. Then, hydrochloric acid was added to the solution as a catalyst. After 5 seconds, thiourea was added to the solution to produce sulfur. A clear solution was produced after 48 hours of stirring. Equations (1)- (3) describe the reactions that took place during the preparation while (4) describes the overall preparation process.
Preparation of Thin Film.
ZnS:Mn sol was deposited on a glass substrate using a spin coater (model WS-400BX-6NPP/LITE). The sample was rotated with high efficiency at the speed of 3000 rpm for 20 seconds. During the process, the centripetal acceleration spread the sol in all directions and the thin film could only be produced by sol that adhered on the surface of the substrate. In order to maximize the amount of sol that could adhere on the substrate, a metal tape was placed on the substrate acting as a wall to hold the structure of the sol during the spin coating process. This process was repeated with another spin coating speed of 4000 rpm to observe the effect of speed on the material produced. During the deposition process, the arrangement of the particles in nanocrystalline ZnS:Mn remained unorganized. Heat treatment was used to reduce material defects. After that, the thin film was cooled to room temperature at normal rates. Figure 1 shows the position of glass substrate during the heating process. Two heating temperatures (300 ∘ C and 500 ∘ C) were used to study the influence of heat temperature on the optical and microstructural properties of the thin films produced.
Results and Discussion

Photoluminescent (PL) Spectra.
Figures 2(a) and 2(b) display the spectrum of photoluminescence for all the thin films when they underwent the 250 nm excitation wavelength. In both figures, three emission spectra were observed. The first peak was produced within wavelength ranging from 350 to 450 nm. This is evident to the recombination of electron trapped in the energy gap of ZnS [23] . From an earlier research investigation, it was mentioned that the emission was not affected by the Mn dopant [24, 25] . The second peak is the highest located at the center (500 nm) and was generated due to the impact of the first excited wavelength of 250 nm. This huge peak at 500 nm is not related to the sample. Lastly, the orange emission peak at 590 nm was attributed to
2+ . Besides these three bands, a small peak can be observed at 460 nm which was caused by the presence of Mn ions (d-orbital) in the host lattice ZnS [26] .
Absorption and Transmittance Spectra.
It is well known that the effect of 3D quantum confinement only occurs when the size of nanocrystals is equal to de Broglie wavelength of electrons or holes. The resulting shift in the semiconductor absorption is a consequence of quantum confinement related to the improvement of energy gap between valence and conduction band. Figures 3(a) and 3(b) show the absorption spectrum for thin films produced at different speeds of spin coating and temperatures of annealing treatment. In these figures, the absorption peak occurred at around 250 nm. The resulting spectrum was a blue shift which was different with the bulk ZnS (345 nm). Based on previous studies, ZnS has great potential to absorb light at wavelength ranging between 220 nm and 350 nm [4] .
Transmittance spectra, which are the inverse in the absorption spectrum, showed that almost 85% transmittance is within the visible range. As shown in Figures 4(a) and 4(b) , the sharp fall of transmittance spectrum occurs in the vicinity of energy band region. The absorption coefficient can be calculated from the data of transmittance using Manifacier model [27] .
Optical Energy Band Gap .
The energy band gap for the thin films was studied as well. These values were obtained from the plot of ( ℎ]) 2 against ℎ] by superimposing a straight line on the data points as shown in Figure 5 . The values of Journal of Nanomaterials obtained were around 4.43 eV-4.60 eV depending on the fabrication procedure chosen. Figure 2(a) shows that the intensity of the emission spectrum decreases with an increase in annealing temperature. The level of intensity dropped from 41 a.u. to 14 a.u. for the first emission band while the level for the last emission dropped from 13 a.u. to 4 a.u. for the third emission. Even the small peak at 460 nm dropped as well but it was not as much as the other two emission bands. The higher temperature caused more Mn 2+ ions to be released from the ZnS matrix which lowered the peak at 590 nm. Besides degradation in the intensity spectrum, higher annealing temperature also increases the light absorption ability of the thin film. From Figure 3(a) , the low annealing treatment dampens the absorption ability in the visible region. For transmittance level shown in Figure 4(a) , the sharp fall region for both thin films is within the same range regardless of the annealing temperature used. The level of transmittance in visible range remained at an equal level as well.
Effect of Annealing Temperature.
In the study of energy band gap, the thin film that was produced under higher annealing temperature has higher value of 4.60 eV. But the increase was only at 0.05 eV. The increase in the energy band gap, absorption, and intensity spectrum could be attributed to the reduction in the size of particles adhered on the substrate as shown in Figure 6 . From the FE-SEM images, the size of the spherical particles produced under annealing temperatures 300 ∘ C and 500 ∘ C was 30.0-36.8 nm and 21.8-23.2 nm, respectively. These images prove that the size of particles reduced when the annealing temperature was raised. This occurred because of potential and kinetic energy during the annealing process [28] . Figure 7 shows the EDX result of ZnS:Mn thin film with composition Zn (1− ) Mn S at = 0.05. The proportion of the constituent elements measured was Zn = 65.33%, S = 26.84%, and Mn = 7.83%. Figure 2 (b), a decrease in the intensity of the emission spectrum for the first and third band is observed when a higher speed of spin coating was used in the deposition process. The intensity of the thin film that underwent higher speed of coating dropped by at least 50% compared to the intensity emitted by another thin film. For the first band, the peak dropped drastically from 3.8 a.u. to 1.3 a.u. while a smaller drop occurred at the third band from 1.1 a.u. to 0.5 a.u. These drops suggest that a slower speed of spin coating should be chosen if high level of intensity in the emission of thin film is a desired property.
Effect of Spin Coating Speed. From
From the absorption spectra in Figure 3(b) , the light absorption ability in the thin film that underwent higher speed of spin coating is weaker but the differences are not as obvious as the differences observed in the emission spectra. In terms of transmittance, the sharp fall region for both thin films is within the same range again as shown in Figure 4(b) . However, for the thin film that underwent higher speed of spin coating, the transmittance level was slightly higher but still within the visible range. For the study of energy band gap, value is found to be higher for the thin film that was fabricated using higher speed of spin coating. When produced at 4000 rpm, the energy band gap was found to be 4.53 eV while it was 4.43 eV for another thin film. This suggests that the nanoparticles of the thin film produced via higher speed of spin coating were smaller. The reduction of particle size as well as thin film thickness can be verified using general relationship (5) [29, 30] . Generally, by calculating or plotting using the experimental values = 3000 rpm (20 s) and = 4000 rpm (20 s), the relation between thickness and spin rotation can be determined:
Conclusions
Spherical ZnS:Mn nanocrystals thin films with grain size of 21.8-36.8 nm have been fabricated via spin coating method with thin film being molded by a metal tape at the spin coating stage. The UV-vis spectra of the ZnS:Mn nanocrystals reveal that the limiting wavelength is 250 nm. The PL spectra for different temperatures show that the decrement in annealing temperature increases the maximum properties. The PL spectra display blue and orange emission while the absorption edge appears at around 250 nm. From the measurements of transmittance for the films, the direct band gap values have been measured and they fall within the range 4.43 eV-4.60 eV. This conventional process is a simple and very useful method to synthesize high quality sphere-like ZnS:Mn nanocrystals thin films. It will be a promising low-cost alternative to other high technology methods in the future.
